Objectives: Pain catastrophizing has emerged as a significant risk factor for problematic recovery after musculoskeletal injury. As such, there has been an increased focus on interventions that target patients' levels of catastrophizing. However, it is not presently clear how clinicians might best interpret scores on catastrophizing before and after treatment. Thus, the purpose of this study was to provide preliminary guidelines for the clinical interpretation of scores on pain catastrophizing among individuals with subacute pain after musculoskeletal injury.
P
ain catastrophizing has been identified as a significant psychosocial risk factor for problematic recovery after musculoskeletal injury. Catastrophizing refers to an exaggerated negative orientation toward noxious stimuli. 1 It has emerged as a robust predictor of heightened pain severity and work disability among individuals with persistent musculoskeletal pain. [2] [3] [4] [5] [6] [7] [8] Research suggests that catastrophizing accounts for 7% to 31% of the variance in pain severity. 7 High scores on catastrophizing before and after treatment have been associated with a 50% to 80% reduction in the likelihood of returning to work. 9, 10 Related research suggests that reductions in catastrophizing are prospectively linked with improved levels of pain severity and disability in patients with acute and chronic pain. [11] [12] [13] [14] Research has begun to address questions concerning risk ranges and meaningful change for clinical outcome variables such as pain, depression, and disability. 15 However, comparable research on psychological risk factors, such as catastrophizing, has yet to be conducted. As such, although catastrophizing is routinely assessed in patients with pain, there are currently no guidelines on which to base decisions about the implementation of interventions targeting catastrophizing or to evaluate the clinical usefulness of such interventions. The absence of this information reduces the utility of evaluations of catastrophizing among patients with pain.
The bulk of research conducted to date on the relation between catastrophizing and recovery outcomes has focused on evaluating the role of catastrophizing as a risk factor for problematic pain outcomes. As such, reports have focused on demonstrating statistically significant prospective relations between catastrophizing scores and follow-up measures of pain and disability. Although this research highlights the potential negative impact of catastrophizing on recovery outcomes, the clinical application of these findings remains challenging.
On the basis of the available literature, it is difficult to extract information concerning the risk range of catastrophizing scores. For example, limited research has examined catastrophizing cutoff scores before and after treatment that may be used to identify individuals that are at risk for problematic outcomes. Moreover, previous research suggests that a wide range of interventions are associated with statistically significant improvements on pain catastrophizing. 12, [16] [17] [18] [19] However, the clinical meaningfulness of treatment-related reductions in catastrophizing is difficult to discern based on research that has been conducted to date. In particular, no information is available about the magnitude of change in catastrophizing scores that must be achieved to influence clinical outcomes. It is also not clear whether problematic long-term outcomes associated with catastrophizing are best identified on the basis of patients' absolute posttreatment scores or the magnitude of change on catastrophizing during treatment.
The purpose of this study was to provide preliminary guidelines for the clinical interpretation of scores on pain catastrophizing before and after treatment for subacute pain and disability associated with injury. Individuals who were work-disabled after a whiplash injury completed the Pain Catastrophizing Scale (PCS) upon admission and completion of a standardized multidisciplinary rehabilitation program. One year later, individuals indicated their pain severity and involvement in employment activities. Analyses examined absolute pretreatment and posttreatment and percent change scores on catastrophizing that were best associated with pain intensity ratings and employment status at the follow-up. The relative clinical utility of absolute posttreatment scores and percent change and on catastrophizing was also compared. The establishment of guidelines for interpreting catastrophizing scores before and after treatment may facilitate evaluation and implementation of interventions for catastrophizing among individuals with subacute pain.
MATERIALS AND METHODS

Participants
One hundred sixty-six occupationally disabled individuals with whiplash injuries agreed to participate in the study. For the purpose of this study, only individuals with complete data at follow-up were retained for analysis. Table 1 summarizes demographic, crash-related, and pretreatment variables for this sample. At the time of pretreatment and posttreatment assessment, all participants were not working and receiving salary indemnity benefits.
Procedure
Participants were recruited from rehabilitation clinics in eastern Canada and completed a standardized 7-week multidisciplinary rehabilitation program aimed at fostering functional recovery from whiplash injury. The intervention teams consisted of a physiotherapist, occupational therapist, and psychologist. The intervention techniques covered the domains of exercise, education, and instruction in selfmanagement skills. The exercise intervention was individually tailored to participants' needs, whereas the education and instruction in self-management intervention was provided in group format. Individuals were eligible to participate if they had received a diagnosis of a Whiplash Associated Disorder and remained off work at 4 weeks post-injury. Potential participants received a letter describing the study procedures, and interested individuals contacted a clinic coordinator. Volunteers were invited to sign a consent form as a condition for participating in the study.
Participants were asked to provide demographic information and to complete a self-report questionnaire of pain catastrophizing. Assessments of catastrophizing were completed after admission to and during the final week of the rehabilitation program. Participants were contacted by telephone 1 year after program completion and asked to rate their present pain severity and to indicate their current involvement in employment activities. The results presented in this paper detail pretreatment and posttreatment scores and treatment-related changes on catastrophizing over the course of the rehabilitation program (time 1 Àtime 2), and the follow-up pain severity and return to work data. The research was approved by the Ethics Review Committee of the Centre de recherche interdisciplinaire en re´adaptation de Montre´al me´tropolitain (CRIR) and the Ethics Review Board of Dalhousie University. Data from a portion of the sample included in the present study have been published elsewhere. 20 The current study is a secondary analysis of those data.
Approach to Sample Selection
One hundred sixty-six individuals agreed to participate in this study. Of these, 16 participants (9.64%) had incomplete data at the follow-up. Information regarding the cause of the missing data was not available. Mean comparisons between participants who had complete (n = 150) and incomplete data (n = 16) were conducted for the following variables: sex, age, pain duration, pretreatment pain intensity and pain catastrophizing, and absolute posttreatment and percent change scores on catastrophizing. All comparisons were nonsignificant (P > 0.05). Therefore, the 2 groups appeared homogenous, and the 16 cases with incomplete data were not used in the study sample. Inspection of the distribution of PCS percent change scores for the sample of 150 participants revealed that 2 cases were >3 SDs from the mean and were subsequently removed, 21 leaving a sample of 148 participants. To facilitate interpretation of scores on catastrophizing in relation to the dichotomized follow-up pain intensity outcome, only individuals with pretreatment pain intensity ratings of >4 on a 11-point numerical rating scale were selected for these data analyses. This is consistent with previous research that has identified pain intensity ratings of Z4 as clinically important. [22] [23] [24] [25] [26] [27] [28] Therefore, a subsample of 82 participants was used for these analyses.
Measures
Pain Catastrophizing
The PCS 1 was used as a measure of pain-related catastrophic thinking. The PCS instructs participants to reflect upon past painful experiences, and to indicate the frequency with which each of 13 thoughts or feelings occur while they are experiencing pain on a 5-point scale ranging from 0 (not at all) to 4 (all the time). The PCS has been shown to measure 3 distinct components: rumination, magnification, and helplessness. 1 Research indicates that the PCS has high internal consistency and is associated with heightened pain severity and reduced likelihood of return to work. 29, 30 Follow-Up Clinical Outcome Variables
At the 1-year follow-up, participants were asked to rate their present pain severity on the day of the telephone interview on a numerical rating scale ranging from 0 (no pain) to 10 (excruciating pain). Previous research indicates that this is a reliable measure of pain severity. 31 Participants were also asked to state the number of hours per week they were working (0 to 35 h). Research documenting the negative impact of catastrophizing on pain severity and work disability suggests that these are clinically meaningful outcomes against which to examine pretreatment and posttreatment scores and percent change on catastrophizing. Pain intensity and return to work have also been identified as important outcome measures in interventions for patients with pain, and represent outcome domains pertinent to multiple stakeholders in the rehabilitation process. [32] [33] [34] 
Demographic Variables
Participants responded to questions concerning their age, sex, duration of work absence, preinjury employment, education, and marital status.
Data Analytic Approach
Clinical research suggests that a value of 4 on an 11-point numerical rating scale for pain intensity can be considered as the threshold for clinically meaningful pain. [22] [23] [24] [25] [26] [27] [28] Therefore, pain intensity ratings <4 would seem to constitute a clinically important outcome against which scores on catastrophizing before and after treatment can be evaluated. Accordingly, participants were dichotomized as "low" or "high" follow-up pain. Resumption of some degree of employment activity served as the clinically meaningful outcome for employment disability. Participants involved in employment activities at the follow-up (range observed in this sample: 9 to 35 or more hours/week) were coded as "returned," whereas participants not working any hours were coded as "not returned." Percent change scores ([Time 1 ÀTime 2]/Time 1 Â100) were computed for pain catastrophizing. Percent change was used to account for the potential influence of variance in baseline scores on indices of raw score change. 35 Although higher PCS percent change scores were expected to predict low follow-up pain and return-to-work, higher absolute PCS scores were expected to predict clinical risk. Therefore, the clinically meaningful outcome criteria were reverse coded for the PCS score analyses, and high pain intensity and not returning to work served as clinically important outcomes.
Independent samples t tests were used to compare individuals on study variables according to outcome criteria status. Independent samples t tests and Pearson w 2 tests were used to compare men and women on study variables. Nonparametric receiver operating characteristic (ROC) curve analyses were first conducted to examine pretreatment catastrophizing scores in relation to follow-up outcomes. Additional ROC curve analyses were used to identify posttreatment and percent change scores on catastrophizing that were best associated with the clinically meaningful outcomes. 36 The ROC curves for absolute posttreatment and percent change scores on the PCS were also compared.
ROC curve analyses generate a value for the Area Under the Curve (AUC), which indicates the ability of a test to distinguish individuals according to outcome group. 36 ROC analyses also compute sensitivity and specificity pairs for the range of observed values of a continuous test. Sensitivity is the ability of a test to correctly identify "improved" individuals and takes into account the ratio of true-positive to false-negative decisions. Specificity is a test's ability to correctly identify not improved individuals and is the ratio of true-negative to false-positive decisions. The balance of sensitivity and specificity at a given test value indicates the diagnostic accuracy of that value. 36 For the present analyses, sensitivity and specificity were given equal importance, and optimal posttreatment and change scores on catastrophizing were chosen at the point which sensitivity and specificity were closest to being equal. This approach has previously been used to identify clinically meaningful scores on pain-related variables. 35 SPSS 17.0 and MedCalc 11.6.1 were used to conduct the analyses.
RESULTS
Descriptive Statistics and Catastrophizing Scores According to Clinical Outcome
Before treatment, participants' (n = 148) mean absolute catastrophizing score was 22.27 (SD = 10.83). After treatment, participants' mean catastrophizing score was 13.66 (SD = 11.17). Participants had a mean catastrophizing change score of 42.80% (SD = 35.69) over the course of the treatment program. These values are comparable with a previous rehabilitation study that had both physical therapy and educational components. 12 At the 1-year follow- Table 2 . Absolute pretreatment and posttreatment scores on pain catastrophizing scores were significantly higher for participants with high follow-up pain ratings. Percent change on catastrophizing was significantly lower among participants with high pain at follow-up. Participants who did not return to work had significantly higher pretreatment catastrophizing scores, higher posttreatment catastrophizing scores, and significantly lower percent reduction on catastrophizing than those who returned. Women had significantly lower pretreatment (M = 21.03, SD = 11.01) and posttreatment (M = 11.52, SD = 10.67) catastrophizing scores than men (M = 24.78, SD = 10.09 and M = 17.98, SD = 11.01), t(146) = À 2.00, P < 0.05 and t(146) = À3.43, P = 0.001, respectively. Percent reductions on catastrophizing were significantly greater for women (M = 49.71, SD = 35.04) than men (M = 28.84, SD = 33.11), t(146) = 3.47, P = 0.001. At the follow-up, men were more likely than women to not be working, w 2 = 3.75, P = 0.05.
Identification of Clinically Meaningful Pretreatment Scores on Catastrophizing
An ROC curve analysis was conducted to determine the pretreatment catastrophizing score that was best associated with high follow-up pain intensity ratings (Fig. 1) . The AUC was significant, and its value indicated that 81% of the time individuals who rated their pain as Z4 at follow-up obtained greater absolute pretreatment catastrophizing scores than those who scored <4 (Table 3) . Examination of specific scores revealed that a pretreatment PCS score of >24 was best associated with high follow-up pain ratings. An additional ROC curve analysis was conducted to identify the pretreatment catastrophizing score that was best associated with not returning to work at the follow-up (Fig. 2) . The AUC was significant, and indicated that 67% of the time individuals who did not return to work obtained higher pretreatment scores than those who returned. A pretreatment score of >24 was best associated with follow-up work status. Table 4 provides the sensitivity and specificity of several pretreatment PCS scores from these analyses.
Identification of Clinically Meaningful Posttreatment Scores on Catastrophizing
An ROC curve analysis was conducted to determine the absolute posttreatment catastrophizing score that was best associated with high pain intensity ratings at follow-up (Fig. 1) . The AUC was significant, and its value indicated that 84% of the time individuals who rated their pain as Z4 at follow-up obtained greater absolute posttreatment catastrophizing scores than those who scored <4. A posttreatment PCS score of >14 was best associated with high follow-up pain ratings (Table 3 ). An additional ROC curve analysis was conducted to identify the absolute posttreatment pain catastrophizing score that was best associated with not returning to work at the follow-up (Fig. 2) . The AUC was significant, and indicated that 76% of the time individuals who did not return to work obtained higher absolute posttreatment scores on the PCS than those who returned. A posttreatment score of >15 was best associated with follow-up work status. Table 4 provides the sensitivity and specificity of several absolute posttreatment PCS scores from these analyses.
Identification of Clinically Meaningful Percent Reduction on Catastrophizing
An ROC curve analysis was conducted to determine the value of percent change on pain catastrophizing that was best associated with low follow-up pain intensity ratings (Fig. 1) . The AUC was significant, and its value indicated that 79% of the time individuals who rated their pain <4 at the follow-up obtained greater change on pain catastrophizing than those who scored Z4. An examination of specific PCS percent change scores revealed that a change of 44.44% was best associated with low follow-up pain ratings (Table 3) . A final ROC curve analysis was conducted to identify the value of percent change on pain catastrophizing that was best associated with follow-up return to work (Fig. 2) . The AUC was significant, and indicated that 72% of the time individuals who returned to work obtained greater percent change on pain catastrophizing than those who did not return. Examination of specific PCS change scores revealed that a change score of 38.23% was best associated with employment status at follow-up. Table 4 provides the sensitivity and specificity of several PCS percent change values from these analyses.
Comparison of ROC Curves for Absolute Posttreatment and Percent Change Scores on Catastrophizing
The DeLong et al 37 method was used to compare the curves for percent change and absolute posttreatment scores on catastrophizing in distinguishing individuals according to clinical outcome group. Absolute 
DISCUSSION
This study adds to research examining the role of pain catastrophizing in recovery after musculoskeletal injury. To the authors' knowledge, this is the first study to examine clinically meaningful pretreatment, posttreatment, and percent reduction scores on catastrophizing in relation to long-term pain outcomes among patients with subacute neck pain after whiplash injury. This is also the first study to compare the relative clinical utility of absolute posttreatment and percent change scores on catastrophizing directly.
Results indicated that pretreatment catastrophizing scores predicted pain-related outcomes after treatment, and that a pretreatment score of 24 best predicted follow-up pain outcomes. This pretreatment score is slightly higher than the cutoff of 20 that has previously been used to select patients for treatment. 11, 12 As that score was based on a sample median, differences in pain diagnosis and duration may account for this discrepancy. On the basis of the present results, catastrophizing scores >24 may warrant intervention for patients with characteristics similar to the current sample.
Consistent with previous findings, the present results indicated that both absolute posttreatment scores and percent reductions on catastrophizing were prospectively related to pain severity and employment status. 5, 10, 12, 13 Results indicated that absolute posttreatment PCS scores of 14 and 15 best identified participants with high pain severity and those who did not return to work at follow-up, respectively. PCS scores falling above 14 and 15 may thus represent the range of risk for adverse pain outcomes after treatment. PCS reductions of approximately 38% to 44% were best associated with returning to work and low pain severity ratings at the 1-year follow-up, respectively. These change scores fall within the range of 30% to 60% that has previously been suggested as clinically meaningful for painrelated variables. 15, 35, 38, 39 Clinicians may use these suggested posttreatment cutoffs and treatment-related change scores to identify at-risk patients after treatment who may require further intervention.
The absolute posttreatment catastrophizing cutoff scores of 14 and 15 identified in this study are slightly lower than that of 18 reported in a previous study. 10 There are several plausible explanations for this discrepancy. First, elevated scores on measures of pain-related risk factors, including catastrophizing, were used to select patients for treatment in the study by Sullivan et al. 10 Conversely, the current study did not select patients based on pre-treatment psychosocial risk profiles. Thus, lower initial levels of catastrophizing in the present sample may have contributed to lower posttreatment clinical cutoffs. The current study also examined posttreatment scores in relation to long-term (1 year) follow-up outcomes, whereas Sullivan and colleagues examined scores in relation to work status 4 weeks posttreatment. It may be that lower levels of catastrophizing after treatment are required to have a sustained impact on pain outcomes. It will be important to replicate the current results in patients with pain of differing etiology as compared with the present study and that by Sullivan and colleagues, and in patients with more prolonged pain duration.
The present results indicated that the interpretation of catastrophizing scores after treatment varied, in part, according to outcome measure. The optimal absolute posttreatment PCS score was 1 point lower for pain severity versus return-to-work. The optimal PCS change score was approximately 6% greater when improvement on pain severity served as the clinically meaningful outcome, as compared with return to work. To the degree that catastrophizing has a more direct relationship with pain severity than employment status, catastrophizing scores after treatment may need to be lower to meaningfully impact pain severity versus return-to-work. At least in part, catastrophizing might influence returnto-work through its impact on pain severity. However, several studies have shown that pain severity reduction is not necessary for return-to-work. 11, 12 Catastrophizing might be one of a multitude of factors that influence return-to-work after musckuloskeletal injury. Therefore, catastrophizing reductions may only confer benefit up to a certain degree. Subsequently, variables such as self-efficacy to return-to-work, patients' degree of physical function, and the availability of modified work may need to be targeted. 20, 40, 41 These results highlight the need to consider outcome measure selection when interpreting scores on psychosocial variables related to pain. Pain severity and employment status were chosen as clinically meaningful outcomes in the present study, given strong evidence for the negative impact of catastrophizing on these variables. These also represent outcomes pertinent to the satisfaction of multiple stakeholders, including patients, clinicians, insurers, and employers. 32, 42 Future work may examine scores on catastrophizing in relation to additional outcomes, ideally measured objectively. 43 For example, clinician-assessed depression and physical functioning are also relevant outcomes against which catastrophizing scores may be examined. 44, 45 Absolute posttreatment and percent change scores on catastrophizing seemed to have similar clinical utility in the present study. The discriminant ability of posttreatment and percent change scores on the PCS did not differ significantly for return-to-work or pain severity. However, it is plausible that the smaller sample size for this latter analysis (n = 82), due to the selection criterion based on initial pain ratings, reduced power to detect a significant difference. On the basis of the present data, it seems that percent change and absolute posttreatment scores on catastrophizing are similarly useful indicators of recovery. Future research with larger samples is needed to test the relative utility of posttreatment and treatment-related change scores on catastrophizing.
From a clinical perspective, absolute posttreatment catastrophizing scores may have greater intuitive appeal when interpreting catastrophizing scores after intervention. The cutoff score approach enables clinicians to identify the range of risk below which all patients should score after treatment. In contrast, the percent reduction approach would require clinicians to individually calculate posttreatment scores for each patient in relation to their baseline scores. In a clinical setting, it may be more straightforward to make use of the former rather than the latter strategy to interpret scores on catastrophizing after intervention.
For the present study, equal importance was given to sensitivity and specificity, and optimal absolute and percent change scores were selected based on the values at which sensitivity and specificity were closest to being equal. This strategy has previously been used to identify clinically meaningful scores on pain-related variables. 35 The sensitivity and specificity of cutoff scores selected in this study were, on average, 13% (sensitivity) and 9% (specificity) lower than has been reported in previous studies examining clinical cutoffs and change scores on pain-related variables. 35, 46 The present study's use of a long-term return-towork outcome, which does not share self-report method variance with catastrophizing, may partially account for this discrepancy.
The posttreatment cutoff scores identified in this study may be used as a benchmark to undertake a preliminary evaluation of the clinical significance of previous These findings suggest variability in posttreatment catastrophizing scores even within similar types of interventions. Neurophysiology education interventions were associated with posttreatment PCS scores at or below the cutoffs suggested in the current study. 19, 47 Some studies showed posttreatment PCS scores below the current cutoffs for graded exposure, cognitive-behavior therapy, and multidisciplinary interventions, 12, 17, 18, 48, 51 whereas others did not. 13, 49, 50 Average posttreatment scores after graded activity and physical therapy interventions were above the clinical cutoffs identified in this study. 12, 18, 48, 51 These conclusions remain speculative, as this is not an exhaustive survey. Although participants in the cited studies had comparable mean pretreatment PCS scores (ie, within one standard deviation of the present study), participants varied with respect to diagnosis and duration of pain. Consequently, research is needed to examine the clinical utility of interventions to address catastrophizing in samples similar to the present study.
Interventions targeting catastrophizing should be considered in the context of the broader treatment goals, and interventions may differ according to those goals. For example, graded activity and graded exposure may be used to target catastrophizing when return to work is the objective, whereas thought monitoring and cognitive restructuring may be used to target catastrophizing when pain reduction is of concern. 52 Outcome-specific intervention techniques in combination with catastrophizingtargeting strategies may be needed to produce optimal results for a specific clinical objective.
Several limitations warrant consideration in the interpretation of the current results. The present sample consisted primarily of individuals with subacute pain. Consequently, it is not possible to extrapolate the results to patients with pain of chronic duration, whose pain severity and occupational disability are likely influenced by a more complex constellation of biopsychosocial factors. Furthermore, the study sample consisted only of whiplash-injured individuals. Thus, the results might not be applicable to individuals with pain conditions of nontraumatic etiology. Future research is needed to determine the applicability of the current results to patients with pain of chronic duration, and whose pain was not preceded by a traumatic injury. The small sample size might also limit the generalizability of the findings. Although ROC curve analyses are appropriate for use with sample sizes similar to that of the present study, the confidence intervals reported might be underestimated. 53, 54 Also of concern is that the maximum score on the PCS is 52 points and, therefore, percent change scores can only be resolved to a maximum of approximately 2%. This limits the precision of possible change scores obtained and, possibly, the interpretation of the current results.
Despite these limitations, this study provides preliminary guidelines for interpreting the clinical meaning of catastrophizing scores before and after treatment. Pretreatment scores predicted long-term outcomes in the present study, and may be used to select patients for intervention. Absolute posttreatment and percent change scores on the PCS seem to have similar clinical utility in predicting long-term pain-related outcomes, and may both be used to evaluate the effectiveness of interventions targeting catastrophizing. The generalizability of these results to patients with chronic pain is an important question for future research.
